Staphylococcus aureus is an important pathogen of foodborne origin. The pathogen produces 20 a variety of toxins that includes the staphylococcal enterotoxin (SE). The present study aimed 21 to evaluate the prevalence and expression of five SE genes (sea, seb, sec, sed, and see) in S. 22 aureus isolated from outbreaks occurred in the Rio Grande do Sul state, Brazil. All isolates, 23 with the exception of two, presented the same or higher transcriptional expression than the 24 reference strains for at least one of these genes. The presence of SE genes allied to the high 25 levels of transcriptional expression suggests that one or more SEs were involved with the 26 staphylococcal food poisoning outbreak analyzed in the present study. 27 Page 2 of 18 https://mc06.manuscriptcentral.com/cjm-pubs Canadian Journal of Microbiology contaminated with preformed staphylococcal enterotoxins (SE) from approximately 10 6 S. 35 aureus organisms per gram of food matrix and 100 ng of preformed toxin (Balaban and 36 Rasooly 2000). To date, 23 SEs and SE-like toxins (SEls) have been identified around the 37 world (Hennekinne et al. 2012). Classical SEs are classified using serological method into 38 five emetic types: SEA, SEB, SEC, SED, and SEE (Dinges et al. 2000). They are responsible 39 for approximately 95% of SFP outbreaks (Letertre et al. 2003, Al-Tarazi et al. 2009, Johler 40 and Stephan 2010). 41 PCR assays have been used to evaluate the presence of the SE genes in S. aureus 50 isolates (Umeda et al. 2017). Furthermore, the relative expression of the SE genes among 51 food isolates have been described in previous studies (Lee et al. 2007; Derzelle et al. 2009; 52 Suzuki et al. 2015). The authors suggest that the poisoning risk of S. aureus can be effectively 53 evaluated based on the gene expression at the mRNA level. The reverse transcription real-54 time PCR (RT-qPCR) has become a very powerful tool for gene expression studies, due to 55 their high sensitivity and specificity, reliable reproducibility and wide quantification range. 56 In Brazil, studies (Aragon-Alegro et al. 2007, Rall et al. 2008, 2014) have reported 57 SFP outbreaks or presence of SE genes in S. aureus isolates, but there are no studies 58 evaluating the expression of these genes. This study aimed to evaluate the prevalence and 59 expression of the five main staphylococcal enterotoxin genes (sea, seb, sec, sed, and see) in S. 60 aureus isolated from 13 different SFP outbreaks occurred between 2002 and 2004 in the Rio 61 Grande do Sul state, Brazil. 62 63 Page 3 of 18 https://mc06.manuscriptcentral.com/cjm-pubs Canadian Journal of Microbiology 64 Confirmation of S. aureus identity 65 S. aureus isolates (Table 1) from 13 different SFP outbreaks were included in this study 66 (identified as C01 for isolate 1 until C13 for isolate 13). These isolates were supplied by the 67 Laboratory of Public Health of Rio Grande do Sul state (LACEN-RS), located in southern 68 Brazil. S. aureus strain FRI S6 (carrying the sea and seb genes), ATCC 19095 (carrying the 69 sec gene), FRI 361 (carrying the sed gene) and FRI 326 (carrying the see gene), supplied by 70 the Laboratory of Food Microbiology of Federal University of Pelotas (UFPel), were used as 71 reference strains. All isolates and reference strains were previously purified using Baird 72 Parker agar (CM0961; Thermo Scientific, Hampshire, United Kingdom). The isolates were 73 phenotypically characterized as S. aureus as described by Brito et al. (2002) and Gandra et al. 74 (2005).
Staphylococcus aureus is the most common etiological agent of bacterial diseases throughout 32 the world due to its ability to produce a wide range of exotoxins and other virulence factors 33 (Fusco et al. 2011) . Staphylococcal food poisoning (SFP) is caused by the ingestion of food D r a f t D r a f t 5 hours. After this period, the genomic DNA was extracted according to the protocol proposed 89 by (Matthews et al. 1997 ). The quality and quantity of extracted DNA were estimated by 90 electrophoresis in a 1% agarose gel, by comparison with the Lambda DNA/HindIII Marker 91 (SM0103; Thermo Scientific TM , Vilnius, Lithuania).
92
A multiplex PCR (mPCR), that targets the genes nuc (specific for the S. aureus 93 thermonuclease gene sequence) and 16S rRNA (internal amplification control -IAC for 94 staphylococcal DNA), was used as a molecular tool to confirm previous identification of the 95 isolates ( Baron et al. 2004) . All isolates were also submitted to PCR analysis to detect the 96 enterotoxin genes: sea, seb, sec, sed, and see ( Table 2 ). The PCR amplicons were subjected to 97 electrophoresis on 1.2% agarose gel. The gel was stained with ethidium bromide (E7637; Table 3 .
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The temperature parameters for the qPCR were: 50°C/2min; initial denaturation at 119 95°C/10min, 40 cycles of three steps: denaturation at 95°C/15sec; annealing at 60°C/1min 120 and; 72ºC/1min extension, which was followed by standard dissociation curve to verify the outbreaks was compared to the expression of SE genes of reference strains, considering that 164 the normalized relative expression ratio for each SE gene is equals 1. It can be seen in Figure   165 2 that all isolates, except C08 and C09, presented the same or bigger transcriptional 166 expression than the reference strains for at least one of the SE genes. It should be emphasized 167 that evaluation by PCR showed that C04 and C05 isolates did not carry seb gene, and the 168 isolate C06 did not carry the seb and sec genes; however, Ct values for these genes were 
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Ct values for the sec genes were detected in 10 (77%) of the 13 isolates tested in this 172 research, followed by sea (62%), seb (54%), sed (31%), and see (15%). This qPCR results 173 corroborated the data obtained for PCR analysis. It is interesting to note that although the sec 174 gene was expressed in 77% of the isolates from food poisoning outbreaks, the highest values 175 of RQ found for sec gene were 3.7 (isolate C04) and 4.3 (isolate C11) times higher than the D r a f t 9 describes that the expression levels of SE genes are distinct from each other, with seb and sec 186 being expressed 10 times more than sea, sed, and see. D r a f t 
